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‘ corhinile good pate tevel and register cranafer level digical simulators
3 exisr, one crin nnt easily integrate the tyo due to thelr inherent !

1 :
b linitations. A glven simuloatlon can not be described partially in gate :
b

. level and partfally in a higher level. A solntion 13 to create a

functional level preprocessor and a library of functional device

models linked to a gate lovezl simulator’s input language. This permits
the nixing of behavioral uwcdels with gate level models in the same system
structure. The combination of processcs (elcment models or primitlves)
and theilr structure (interconnections) can be exercised all at one time

during a single simulation session. Froa the start, there

came forth an obvious uetho? ich could be used to iuntermix

the scveral levels of wmodelin;, (). ]
‘Two separate pleces of soltware were writtea to implement a specific solution

to the above stated situation. SISL, Structural Interface to the Salogs i

Langunge was created. Thie is a functicnel level preprocescr to SALOGS
(SAndia LOGic Simulator) which is an eight-state, MOS, gate level
digital systems simulator. SISL will accept functional level systems

descrintions and convert them to a form acceptable to SALOGS.

o The other cffort was the building of a functional level modeling

) library. This likraery cousists of three behavior models: a 4-16 decoder, *
L I
¢ a 2046 X 8 ROM, and a 256 X 8§ RAM. These models are designed to be used .
; in a functional level/gate level model of a digital system and will |
N ¢ i
LI
§£ link to rhe SALOGS run time systeme. Tosether, these two programsy (STSL
; and the modeling library) provide the casy use of the top~down approach
’

s to digltal systor designe. Thus, the projecet’s culnination.

A}

-
:‘e (*) Z¢r Chapters 3 and 7 for wore on the hierarchy of
-"'_' digital systems nodeling.

1




The rosult of thi tavesciseroon was the new L lLiL, Lo easily nlg }

( funcrionatl avd pare ey U oLoaers during the sane siaclation rao. :
N Lo DTN S h ey faact ol and nate tevel
-1
prictcicc o This T necessary becanse the USAY is constantly incrveasing its
A
une of very large seale inteprated circuits (VLSD). Tt is
{ unecoaosico ] to simmlate systews vhich use these circuits at the gate or
register tvansfer levels due ta the compueter and human resources required.
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CH 1. INTRODUCTION

e et -0 S . i i

Gate level simulation aloung with register trausfer level descriptions
has been the bread and butter of computer aided logic design [H2,86]).
Until the present time, eight-state, gate lecvel simulation of digital
devices has sufficed for the development of most logic circuits. The eight
states are: low level, undefined, high impedence, high level, negative slope,
transient undefined, transition to high impedence, and positive slope [Al,12].
In the past, many simulator packages have been restricted to gate level
models because the state of the art would not support more general types
of modeling [S9,25). This restriction has caused many problems as the
state of the art in digital device construction has improved.
PROBLEM
One of the major problems of digital simulation is that large systems are
prohibitively difficult to describe and simulate at the gate or register
difficult to describe and simulate at the gate or register transfer levels.
transfer levels. The dezire, therefore, was to create a new level of
simulation called the functional level [H2,86].
At this level the designer can specify subsystems such as ROM, RAM,
busses, shift registers; in short, logical devices of arbitrary complexity.
Functional level modeling, as addressed by this lnvestigation, is meant

(1]

occurs during the "...circuit description language...”" phase of the typical

CAD (Cowputer Alded Design) run.
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The wodeling and simulutlon.of a digital system follows a pattern
which enhances the use of machine assistance. Material developed via
slinulation can be used in the actual implementation as well. Fig CHI-1
[C8,292] depicts the simulation proces-. The intent is
to affect only the indicated phase and to let the rest of the simulation
to proceed as 1f no modifications had taken place. At thils phase

functional/gate level models are described, not just gate level models as
in the past. SISL does its work at this node and SALOGS picks up the

process at the "...gate level stmulation..." node.

GOAL
It should be possible to allow computer designers to focus on certain x

portions of a digital system’s logic while ignoring details of other

portions. Designers should be able to "black box" certain portions of a

big system. At times it will not be known what the future contents of a

module will be, only that it will have to exist in the system.

The results of this study should allow the designer to choose which
blocks to describe at the gate level and which to describe at the functional
level. A person would thus be encouraged to follow a top~-down design
methodology. A preprocessor to the gate level simulator should handle the
connections between the two levels of descriptions.

It is possible to develope software which can give a great deal of

help to the designer during any attempts at higher level models and

simulations.




APPROACH

The above goal was met by designlng a library of functional
level subroutiunes. A functlonal level preprocessor was also developed. The
preprocessor accepts digital descriptor input and converts it to a form which
logically links the subroutine library to the input language of a commonly
used gate level digital simulator. Such a common industrial simulator is
found in SALOGS, an eight-state computer~aided-design (CAD) system developed
at SANDIA LABS (C2,1] ([Appendix D].

Salogs allows the user to describe models composed of MOS gate level
primitives (AND, OR, etc.) and to perform simulations using those models. !
It will also do fault analysis. Another feature is a capability to accept
subroutines which are callable as modeling primitives.

This approach to the realization of the goal must necessarily be

clearly defined as to what may be expected of 1it.




The preprocessor mentioned above does not convert functional
descriptions into gate descriptions. It does, however, create the
logical linkages to the SALOGS input language so that pin connections,
device names, and other parameters required by SALOGS are made
consistent with the users’ gate level portion of the overall system being
modeled. The preproéessor delivers two outputs based on the fupctional level
description it receives: functional identifiers required by
SALOGS and a model specifying the overall functional system. From these
outputs, the preprocessor creates a file of functional descripters
which can be appended to the gate level portion of the users’ description.
The user must identify his interconnections to the preprocessor’s
circuit. Since SALOGS allows the linking of subroutines to its own
code, no modifications have to be made to SALOGS itself. The software
is run in batch mode due to the extended amount
of wall time and core required by the SALOGS software (*). To
ensure portability, the project was done in ANSI 66 standard FORTRAN 1V,
the same as SALOGS {itself.
The 1library of functional models is written to deliver useful information
to the designer. These models (which account for all eight states),
under specific inputs will indicate that an unspecified input has
occured rather than behave as the real circuit would.

There are some o Ther ideas and features which should be presented.

These have to do with the development of the software and techniques

of functional level modeling.

(*) Wall time varles according to how many jobs are currently being
handled by the computer system. Core is constant at around 200K for

each program in the SALOGS/SISL series.
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FOR FURTHER DISCUSSION

The body of this thesis is concerned with three {deas: digital
modeling in general, the methods of functional modeling, and the
internal workings of the SISL preprocessor.

Chapter 2 gives an introduction to some of the basic ideas used by
those who actively engage in the simulation of digital systems.

Some approaches to the subject are generally accepted in the

simulation community as standard and this chapter reviews these.
Chapters 3 and 4 discuss the top-down method of digital system design

and its specific application to this project.

Chapters 5 and 6 present some general methods of creating behavioral
models of digital devices. These were developed for use in this investigation
and are applied to the modeling library.

In Chapters 7 and 8 one will find an overview of digital system
representation levels and a few of the languages used to work at one
or more of those levels. SISL is an application of the ideas found in
these other digital system description languages.

The thesis closes with the summary and conclusions found in
Chapter 9.

These presentations are supported by an Appendix 2ad Glossary. In the
Appendix will be found users’ guides to the various software, listings of the
SISL an& modeling programs, sample runs, and flowcharts. The Glossary defines
the specific terms used and will clear up any confusion as to

their meaning.
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CH 2. AN OVERVIEW OF TuHk COMPUTER ALDED DESIGN OF UIGITAL SYSTiMS

This chapter revicws some of the basic approaches to digital systenms
simulation. It begins with a definition of what computer aided design
should accomplish and goes on to the general ways in which one may
employ simulatfon tectiniques for digital systems. A summary provides

information on the current uses of simulation.

DISCUSSION

Because of the complexity and economics of today’s digital systems,
a design tool is needed that will allow the error free analysis and testing
of circuit implementations (*). This tool should not require the physical
realization of the circuit. Such a tool has been found in the form
of a computer running a piece of software which will exercise a digital
system that has been described in the input to that software. Programs of that
nature performing computer-aided-design (CAD) permits the digital designer
to submit his circuit ideas to strict and nearly complete simulation and
analysis without having to physically construct the hardware.

Many such simulation tools exist today (B2,1]) [C2,1] [V1,1]) [V3,1].
(See the Bibliography for papers on specific languages.) They provide
an entrance to the solution of modeling problems. Most of the larger
companies in the computer industry are involved in CAD research. Among

these is IBM [B1,20].

(*) Unless otherwlisc noted, the references for this chapter are found
in the works by Acken and Case listed in the bibliography.

1]




The simulation of a digitul system it the description of the
system model 1in an appropriate computer language along with the
computer’s experlmentation with that model. Through the vse of CAD
software, a circult description and operating parameters are taken as
input, with experimental and statistical results of the circuit

simulation as output.

TWO GENERAL TYPES OF SIMULATION

There are two general types of logic simulation: True-Value Analysis
and Fault Simulation. A designer using True~Value Analysis 1is judging
the circuit”s ability to perform according to the original
specification of the design criteria. Fault Simulation is employed to
observe system operation under various forms of circuit flaws.

(TRUE-VALUE ANALYSIS) In its most fundamental form, True~Value Analysis
is the acceptance of the logical description of a circuit, the application
of logical values (1°s or O’s) to the circuit’s inputs, and delivering as
output the Boolean result of the combination of circuit and inputs.

An extension of simple Boolean modeling in terms of the binary values
1,0 is to add a state to the simulation called a DON’T KNOW or

UNDEFINED (or *). This unknown logic state 1is distinct from a DON’T CARE
whose logic level can be either 1 or O with no affect on the operation
of the circuit.

Given smaller and smaller time steps, the time it takes a voltage to
rise to the 1 level or fall to the 0 level becomes important. As digital
circuits become faster and faster, the timing issue becomes more important.
Thus, more advanced simulators use three extra states:

D, negative slope; U, positive slope; and X, transition undefined.

12




Six~state simulation allows the computer modeling of very fast

digital systems without worrying about the particular technology to

{ be used in the actual system construction. Some simulators (SALOGS for one)
do incorporate MOS technology in their software. These simulators employ

two additional states result in an eight-state simulation. Those two

- states: H, high impedance; and A, transition to high impedance are used
to simulate a device being effectively off-line.

Digital simulators which model various other technologies
usually have the ability to be set for four- or eight-state mode.

In four-state mode, the model operates using, high, low, undefined,
and high impedence. Eight-state mode simulates using the

added states of negative slope, positive slope, transition undefined,
and transition to high impedence (See Appendix D).

(FAULT SIMULATION) Fault simulation is performed to derive a set of input
signals which can then be used as stimuli to test the functioning of a logic
network. These signals form a test pattern which can be auutomatically geuerated
by the simulation software. When these signals are placed on a circuits’ input,
they allow the detection of certain defects {T3,38]. Usually, single "stuck-at"
fault modeling is used due to the difficulties of multi-fault mcdeling.

In this method, only one defect is assumed and it 1is a particular

signal being "stuck at" or a "never changing" value. Either one of

the module”s outputs is stuck or one of its inputs is stuck. There are

four wayé to simulate a fault: fall-all simulation, which will fail all outputs
one at a time; parallel fault simulation, which simulates several faults at once;

deductive fault simulation, which lists faults which cause a change in the

output of a given module compared to the unfaulted circuit; and
concurrent faulting, which only simulates the parts of the faulted
circuit whose fnputs, outputs, or states do not agree with the

unfaulted circuit.
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SUMMARY

Since it has become so exponsive to bhuild and test unproven hardware,
computer simulation of digital circuits is belng employed more often by
the nilitary and industry. Since design correctness can be verified
without actual hardware realization, the cost of design and implementation
is cheaper than it would be 1f computer simulation were not used.
Simulators make it possible, without risk to a physical circuit, to
study and experiment with a system or subsystem. (There is, howévet, a
certain financial risk associated with committing a facilities”’
resources to the simulation task [S9,23].) Simulators make fine pedagogical
devices for teaching both students and practitioners the variations of
the design and analysis of digital systems. Perhaps one of the most
important benefits from an engineering point of view is that they
allow systems to be exercised under expanded, ccmpressed- or
normal timing. Overall, they permit the designer to judge his designs
conceptually without actually having to build them.

Work on such design alds has been pursued by Sandia Laboratories
(Albuquerque NM), the Avionics Laboratory of the Wright Aeronautical Labs
and A r Force Institute of Technology (Dayton, OH), to name a few. As more
and more standard models of low level devices are created, digital modeling at
higher and higher levels becomes possible, thus overcoming the bottleneck of
man~years and computer resources required to create simulations of large

scale digital systems.
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CH 3. THE BUILDING OF A SYSTEM USING FUNCTILONAL MODELS
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A digital system is not simply created in {ts final form. Tt 1is not
usually possible to design a working product on the first attempt. Several
systems are developed in the course of a development effort. These range
from the interconnection of a few high level subsystem blocks to
the detail of a gate level or lower model. This chapter introduces the
reader to the process of going from the higher, undetailed modeling

level to the lower, detailed level.

THE GATE LEVEL AND BLACK BOX BEGINNING

The desire to intermix gate and functional models derives from the
hierarchy of a top-down approach to digital systems simulation. In this
method, one begins with an undetailed viewpoint of the desired system.

This viewpoint 1s in terms of a few general blocks. As the modeling

effort goes on, these blocks are broken down into more detailed sub-blocks.
Finally, each sub-block 1s defined by progressively more complex units
until the desired level of detail is achieved.

Thus, the black box is a part of a model which, as yet, does not perform
as it ultimately will. It can be connected to more detailed portions such
as a block described in gate level.detail. There 1s a certain technique to

using this mix when simulating with SALOGS.

15




USING THE BLACK BOX
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SALOGS has the capability to "SET" the value of any of 1its nodes.

(For more discussion on SALOGS see the SALOGS USERS GUIDE in the Appendix.)

Such nodes will retain their set value regardless of system operation.
Therefore, the designer can allow the black box to either deliver some
default output for any input or deliver a SALOGS set output. The

model may then be studied under various conditions which may be
eventually produced by the future contents of the box. The default
outputs can be used to flag the fact that the box would have had some

effect on the systems’ operation.

EXPANDING THE BLACK BOX

Gradually, decisions will be made as to the required output of the
box given certain inputs. Now the functional model may be expanded to
produce that output when the stated inputs occur. A default to some
flagging output (such as undefined) can be arranged for
non~specified inputse.

As more data is gathered and greater detall is developed, the

black box becomes a true functional model performing very nearly as

its gate level counterpart would. It has the advantage of using less core

and time to run and it ignores some of the unwanted or unneeded detail

attendant to gate level models. It can be expanded to any desired level of

detail depending on resources and the needs of a given simulation.
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Clt 4. STMULATING BI-DIRECTIONAL LINES
SALOGS, the pate level nodeling software, has seme particular requirements
when bi-directional lines are called for. This chapter introduces the
background s of such lines and continues with the detallss of their simulation

in SALOGS.

INTRODUCING BI-DIRECTIONAL LINES

As chip manufacturers have heaped complexity upon complexity, the
number of pins necessary for 1/0 has increased. Fourty pins has
generally become the acceptable maximum standard but some chips would
require more than that. Because of this, certain pins have been designed
to carry data in both directions. These pins thus make it possible to have
fewer connections to a chip while keeping the original number of options.

The issue of bi-directional lines should be addressed. If a design aid
is to maintain its capability to deal with state of the art systems, it

must accomodate the devices which make up those systems.

17




- SALOGS STMULATION CF B1~-DIRECTIORAL LINES

{ SALOCS draelf will not allow the direct use of bi-directional lines. Nodes
are elther input or output but not both.

f Without modification to the SALOGS package, it 1s not possible to

truely simulate bi-directional lines. However, by using a buss

model and splitting each two~way line into one input and one output line,
one can still model devices with such lines. Along with this, one
can incorporate timing and clocking and delay parameters in the buss.
(The behavioral models themselves do not contain these parameters.)
Such a splitting out of bi~directional lines has not proven to be a
drawback to the modeling effort of this investigation. The RAM and ROM
models to be discussed later use line splitting.
The buss model also solves a problem caused by the way SALOGS updates
nodes. Nodes are updated sequentially, one at a time each time step. When
bi-directional lines are used the wrong item could be updated first. Let us say,
for instance, that the CPU is talking to the RAM. 1If the RAM is updated first ;
then the CPUs’ input is not properly considered. The buss is
last to be updated so that the RAM and CPU get correctly updated in

the next time step. SALOGS is caused to update the buss last when the user

lists the buss last in a system description.

The buss model could be expanded to also handle buss contention. While
SALOGS can easily handle the fanout of output lines, 1t can not

describe the fanin of input lines. Only one output node can talk to

-

[P

any given input node at any one time. If f{nput to a given node can come

from more than one output node, some buss control must take place.

LA . & o w_’?“ Caens .O.

A SALOGS bi-directional buss can be written as a behavioral model

o 2

to handle several simulation requirements. The most important of these

[Be ot

RS

are two-way lines. These are followed by timing, clocking, and delay

-

.
v,

parameters. Oune final {tem {8 the description of a buss contention coutroller.
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CH 5. CREATIRG A CHIPST PBEHAVIORAL MODLL,
Sceveral Tasues must be coustdercd when writing software vhich describes
a behavioral model. It is not a straightforward task to construct such a
program. Prescated in this chapter are the methods used and the consideratious

taken in creating the behavioral modeling library.

COMPLEXITY VS. DETAIL

Many are the ways to create a behavioral model. Each method has its

own advantages and drawbacks.
Let D= detail of simulation
C= device compexity
K= a constant representing computer and human resources

Then D * C = K would be an excellent conceptual formula for describing
the various limitations to face when modeling a digital system (%*).
The overall goal of modeling is to simulate in great detail very complex
devices while minimizing core and human involvement.
These 1deas are very much at odds with each other. As the complexity
of the device increases, the limitations of computer and human resources
prevent the simulation of a great amount of detail. Conversely, 1f a large
amount of detail 1s required the same problem will not allow the modeling
of complex devices. As the available human and computer resources
increasces or decreases so can detail and complexity to a proportional degree.

The following sections review scveral methods of creating behavioral
models. These were developed in the course of the attempts made
to create 0 o onomieal yet detalled behavioral wmodeling library. There
will be a0 o tradeoft evident 1in that, while a particular method may
be casy to tmplement, it may not always yleld an economical or otherwise
usithle nodel.

(*) This formmlatfon was originally suggested by the sponsor, Rawlings.
19




SIMPLE TABLY DRIVEN MODLLS
The fostest way to derlve aa output from an fnput is to wap the
input to a location 1in a table which contalns the corresponding output.
It is helpful to assign a number to each of the eight states that any glven
node may attain:

SALOGS Assignment FORTRAN Assignment State

False

Undefined

High Impedance

True

Downward Slope

Transient Undefined
Transition to High Impedance
Upward Slope

NV WD ~O
NN EWN -
SPEMNU—~X O

When SALOGS fixes a node value it uses these assignments.

These must be converted to the FORTRAN assignments for array table

access. As an illustration, consider a box which has two inputs and two outputs.
The inputs can be modeled using a two dimensional table which is 8 X 8. The
output lines are modeled the same way only with an 8#**2 X 2 table. There are
8%%2 output possibilities due to the 8 X 8 possible input arrangements. The
following 1is an example of how the array tables are used to model the

box. Let input~line-l be in state A and input~line-2 be in state U.

This will cause a certain resulting output. SALOGS will represent the

input event as 6&,7. The input table will be accessed using (6+1,7+1).

Contained in that location is the row of the output table which holds

20
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the required output line valaes. Fach column of the output array holds a
state for a designated output linc. In general tervas, an
8 X 8 x.uox B tuput table waps ta an 8%*) X K out put table where:

N= f input liues
K= # output lines

If K=1, then the value found in the input table is the state of the
output line. States assigned to output lines are SALOGS assignments.

In this case, due to the stated behavior of the box, there may not be
8*%*2 unique output arrangements. If that proves true, the output
table may be shrunk accordingly to an M X 2 array; where M is the number
of unique outputs. M’s maximun value is 8*%*2. The input table remains the
same size, but any given location could hold the same value as another.
In general, there 1s a maximun of 8**Z unique outputs; where
Z 1s the number of output lines. Also, it may not matter which 18 input-Iine~1
and which is input-line-2. In other words, (input-line-1 +l,input-line-2 +1)
may always yield the same value as (input—-line-2 +},input~line=1 +1).
In that case only the upper or lower triangle of the input matrix would be
needed. In FORTRAN, though, it is not possible to dimension a triangular
array. If carefully documented, the unused portion of the input
table could be applied to some other activity, thereby achieving a savings
in core.

Once the output array has been accessed, one needs to find there the

values which correctly define the devices behavior.

21




(DERIVING THE OUTPUTS) The next questlon invelves exactly what outputs are
required from all the possible {nput combinations. For an oripinal circult, a
{ knouledae of the ehiips” technology and configuration would b the key. For pre-
aanufactured clrcults, there 13 available an industrially proven and tested
gate level modeling package, SALOGS. Its primitives (AND, OR, NOR, etc.)
are fully defined MOS models. They will deliver a correct output given
any combination of the states as input. With this package one could model
a device at the gate level, apply all possible input combinations, and
thus receive a corresponding list of outputs. This list can theﬁ be used
to load the output table. The gate model need be run only once. Its results
can be held in off-line storage until the data 1is needed to load the
1/0 arrays.

A problem with the above technique is that a gate level model taken
from a data book is only a logical model, not an operational one. Also, ‘
it would be extremely difficult to model, say, a 64K RAM at the gate level.
So there are limitations to just how far one can go with this method.
Too, as the chip becomes more complex, a lot of core is required
to represent the I/0 tables. (A five input OR gate requires 8%%5 array
locations.) On the other hand, not much time is used in the simple

array mapping process. These problems can be, in part, overcome by the

following technique.
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TABLE/EQUATION DRIVEN MODELS

1f a4 certaln state on any iwpar Tine olways caases the same
output arraagemcnt, the I1/0 tables can be collapsed accordingly.
Equat{ons, both arithmetic aand logical, would be then required to
recognize the states which cause fixed outputs. Other arguments
would be needed to map the other input comblnations to the reduced tables.
For example; consider the five iuput OR gate which used 8**5 array locations.
Employing a combination of equations and tables this can be reduéed to
7*%5. A true on any input line causes a true output in an OR gate. Similar
thoughts affect the multiple input AND gate. Any input being
false will cause a false output.

Depending on how many states cause constant outputs, this method may
use less core than the previous one. However, the designer must deal with the
state recognition and mapping equations. These logical/arithmetic’computations
may consume more time and core than the simple direct mapping arguments.
Experience has shown, however, that this method presents important
advantages over the simple table driven mnodels. It is possible to carry

the use of equations even further as the next method will demonstrate.

TRUTH TABLE/LOGICAL EQUATION DRIVEN MODELS

Devices of lesser complexity than, say, a CPU are described
in the data books by a truth table. Since logical AND and
OR functions are a part of the ANSI standard FORTRAN, it 1is possible
to write logical expressions to represent output vs. input. These
equations take the form ABC+(~A)BC=0 and so on; where the
left hand side is input and the right output. Each input value is
stored in its binary form (3=011 for iustance.) A logical manipulation

of the bits representing the {nput values can give the output values.
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By uslay logical cquations, cutput values can be derived from faput values
such that the output vulues are those tndicated by the devices” speciffcation
sheete These lopisal arruments can also be implemented asing AND/OR
eight-state wapping tables. For instance: the 4-16 decoder to be described
later has 16 cquations each of uwhich access tables representing a four
input OK gate and a one input 1inverter.

Extensfons to the aforvmentioned equations will have to be created if
the specification sheet only specifies certain input events. Some data
sheets do not specify the results of all eight states on input, only
the results of true and false. Others specify rising and falling slopes.
It is still necessary for the designer to account for all eight states
when creating a behavioral model since SALOGS could place these states
on the input lines. Some designers simply make the outputs all
undefined if any but the truth table values appear on the input. This
18 acceptable as long as the overall modeling goal is reached. The desire
here 1s usually to perform logic verification. The valid inputs (in the sense
of the allowed input space) could be expanded to cover any of the eight
SALOGS states.

The tradeoff in core and time must be carefully considered here. A
large proygram can take up as much core as a sizable array and run
much slower than a slmple table driven model. Care should be taken to
simplify as far as possible not only the code but the loglical
equations as well. The tables which represent the efght state
OR and AND gates can be considered as free because they are accessible
by more than one model.

The last method {5 used to model complicated VLST circuits.
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FUNCT LONAL DESCRTIPYTON MUDLLS

For the most complex of devices, the data books provide a functional
description ot the chips’® operatton. A FORTRAN program can then oe
written to describe this functional behavior. Certain results will be
guarantecd by the manufacturer. Thesce will predict the output only

for certaln constrained inputs. Other input events must be accounted

for by the model designer. That person must decide what should happen when

events outside the manufacturers’ specification occur.

MODELING FOR TRUE CIRCUIT OPERATION VS. SIMULATION RESULTS

Primarily, the desiguer 1s interested in knowing whether an
unspecified event has occured. This 1s opposed to being concerned with
what the chip will actually do under that stimuli. The prefered simulation
result, in general, is an undefined output given unspecified inputs.

What a chip will do outside the valid event space depends on
several factors. Among these are: chip technology (MOS, TTL, etc.),
configuration, and a statistical model which represents which batch
the individual chip came from. By and large, designers desire a model
that works the same way all the time.

A device’s configuration is usually proprietary information. Therefore,
it is not always possible to know how the chip is put together and thus
gain an idea of what will happen given all inputs. The manufacturer
only guarantees and specifies the results given certain inputs. On top of
this, designers do not always want what could be a
recognizable output to result from an input which should not occur. They
prefer some flagging output to mark the unexpected event. This 1is valid

when simulating for logic verification and proper system performance.
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CONCLUS 1S
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b
X Thore are several ways to model a chips This discusslon has covered simpd.
4 i table driven nodels, table/equation driveun models, truth table/logical
F y equation nodels, and functional operation wodels. A technique should be
' chosen based on what informatfon is available on the device, resource
limitations, and the detail required.

These methods were used in this investigation to derive behavioral
models for three digital subsystems. A combination of methods was
found to be helpful in realizing additional savings in the amount of

computer resources required to implement a particular device’s model.
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Cill 6, A FUNCTIONAL LEVEL MODELTNG LIBRARY

To fulfill the fdea of fanetlonal level coleling advanced by this
thests, a libravy of FORTRAN models was createde. A 4-10 decoder, 2048 X 8 RO,
and a 256 X 8 RAM were modeled and made to Interface to SALOGS. They are
supported by eight state models of an Inverter and a four input OR gate,
These were chosen because of the immediate needs of the sponsors. These
needs reflect current projects which they have undertaken. A balance was
struck between corc and time usage. Each model reflects trade—;ffs in
detall, complexity, and resources as well as in the accounting for the
results of input events not mentioned in the data books. All of the models
were tested by writing SALOGS routines which would exercise them

through the several functional operations specified by the manufacturer.

The tests were then compared with the expected results. In all cases, the
simulations were found to perform as described in the data books.

The remainder of this chapter will be concerned with the three models,
including their construction, operation, and use. Reference will

be made to thefr block diagrams, flowcharts, and listings.

THE 4-16 DECODER

Oy e e o e e e et ey

The 4-16 decoder 1s discussed first because it took by far the
longest time to model. Techniques had to be developed to create various
kinds of models and an understanding of the realities ol chip use had

to be reached.
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A 4-106 decoder basteally performs this function: The binary value on
the four innat lines iy read and cvaluated. Dependiung on that binary
value, onc of the sixteen output lines 1s set low; the rest are set

high. For instance, 0001 on the input would couse output line ! to

go low and lines O and 2-15 to go high.

As a first step in modeling this device, a large photograph was taken of
its gate level diagram found in the data book [N1,1-56). Names were then
written on each node. A SALOGS gate level wodel was next constructed to exactly
represent the photograph. This model was then tested for results, outputs
vs. inputs, to derive the eight state results of all the possible input
combinations.

At first a simple table driven wmodel was attempted. Required
for this was an input array 8 X 8 X 8 X 8 and an output array 8%*4 X 16.

It was subsequently decided that this was a bit too much core even though
the simulation would execute very fast. So a truth table/logic equation
driven nodel was trled next.

To support this a table/equation driven model of 2 four input
OR gate was created along with a simple table driven model of an inverter.
The truth table of the decoder [Nl,1~58] was then implemented by a series
of 16 OR gates. Thesc gates perform as would the gate level SALOGS four
input OR gate. (SALOGS models a four input OR gate using threc,
two input OR gates.) The equation for each decoder output line is:

DHC+B+A ; DHCHB+(=A) ; DH+C+(-B)+A ; «ev 3 (~D)-+(=C)+(=B)+(-A).

Each decoder output line 1s driven by its own OR gate.
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The followlng SALOGS code will allow the user to access the decoder:

SMODELS

OHDECON O 16 4 20 8 O

00 a7 N 03 04 05 0H 07 38 09 19 11 12 13 14 15 *

AD DY o0 n

END 02D Cob

Sidh HonnLs

INPUT AOQ B0 CO DO

OUTPUT 0J G1 02 03 04 05 06 07 08 09 10 11 12 13 14 15

ORDECOD 00 Ol 02 03 04 05 N6 07 08 09 10 1t 12 13 14 15 *
A0 BO CO DO

END

If using the SISL preprocessor, the user would specify:
ORDECODE 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 ;3 AO EO C0 DO
and leave off the SALOGS S$MODELS portion.

Appendix E shows the listing of the decoder modeling software.
Refer to the Appendix and the SISL USERS GUIDE for more on

specifying models to the preprocessor.

THE 2K X 8 ROM

A ROM “Read Only Memory" is a device which has a series of binary words

pre-loaded into its memory. On demand, it will place the addressed word on

its output lines.
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Hardest to simulate were the unspecified input events. A functlonal operarion
specification [[2,06-34] provided the basis for the final creation. Sandia
Labs aade decisions b osod on thele viewing of proprictary faformar lon as to
how the device should react 1f unexpected inputs occured. Appendix
G shows the original block diagram of the ROM, the implemented
block diagram, and the operational flowchart of the model.
Appendix G also shows the listing of the software.
To access the model use the following SALOGS code:
$MODLLS

ROM8 0 9 18 27 100
READY DATA7 DATAS DATAS DATA4 DATA3 DATA2 DATAL DATAO *

CLK CE CEINV ALE RDINV TOMINV LORTNV * -
ADDR10 ADDR9 ADDRS ADDR7 ADDR6 ADDRS ADDR4 ADDR3 *
ADDR2 ADDR1 ADDRO

END ROM8

SEND MODELS

INPUT CLK CE CEINV ALE RDINV JOMINV IORINV *
ADDR10 ADDRY ADDR8 ADNDR7 ADDR6 ADDRS ADDR4 ADDR3 *

ADDR2 ADDR1 ADDRO
OUTPUT READY DATA7 DATA6 DATAS5 DATA4 DATA3 DATA2 DATAL DATAO

ROM8 *

READY DATA7 DATA6 DATAS DATA4 DATA3 DATA2 DATALl DATAQ *
CLK CE CEINV ALE RDINV IOMINV LORINV *
ADDR10 ADDRS ADDR8 ADDR7 ADDR6 ADDRS ADDR4 ADDR3 *
ADDR2 ADDR1 ADDRO

END

1f SISL is to be used specify:
ROM8 READY DATA7 DATA6 DATAS DATAL4 DATA3 DATA2 DATAL DATAQ ; *
CLK CE CEINV ALE RDINV TOATRV TORINV ADDR1IO ADDRY9 ADDR8 ADDR7 *
ADDR6 ADDRS ADDR4 ADDR3 ADDR2 ADDR1 ADBRO

and leave off the SALOGS S$MODELS portion.

—

30




S s - W Dpen

.

-

-

The RO model 15 0 FORTAAN subyoatine mlvroriag the fimetioral spectficat ions

found In the data hooke TU U005 Tato account proprictary inforaation
RS AR NU TR IR FEE S MR S coadld v oo e Tapat s ot rentloned ia
1ts specificatlon shoevts,.
THE 256 X 8 RAM
The 256 X 8 RAM was relatively easy to create. A RAM "Random Access
Memory" is very wmuch like a ROM except that it can write as well as read.
Its informatf{on may iudeed be pre~loaded but that Information 1s subject
to change while the system i¢ runaning. Unless a new loading process takes
place, the RAM will loose its stored data while the ROM will not. [IIl,45]
Appendix F shows the original version of the RAM, the
implemented version, and its operational flowchart.
Appendix F also gives the listing of the RAM model. This model is based

on that of the ROM witih the added writing feature.




To acev the RAM v the follosin, SALoGy code:

T

Sy

RAMSB 0O s 1y 22 90

e N S S RS A Y P IR
{ [ Y [ N S #
1 AJDRT Dco o ADDID s le ADDRS *
ADDR2 2 A
ERD QAN
} SEND MODLLS
} ' INPUT RESET WRISV Copny ALY BT TaMInv *

ADDR7 ADDRD 20000 ADIRS ADDRS X
ADDRZ  ADDR] ADLRO
OUTPUT DATAZ DATAOG DATAS DATa DATAZ DATA2 DATAL DATAO

RAME *
DATA7 DATAG6 DATAS NATASG DATA3 DATAZ DATAL DATAO *
RESET WKRINV CULNV ALY RNV TOATNY *
ADDR7 ADDRO ADDRD ADDRA ADDR3 *
ADDR2 ADDR1 ADDRO
END

If SISL processing is to be done use:

RAM8 DATA7 DATAG DATAS DATA4 DATA3 DATA2 DATAl DATAO ; *

RESET WRINV CEINV ALE RDINV IOMINV ADDR7 ADDRG ADDLRS ADDR4 *
ADDR3 ADDR2 ADDR1 ADDRO

an& leave off the SALOGS S$MODELS portion.

This model also uses the functional specification modeling technique. For
further detail on SALOGS and its use of models, refer to the Ap;endix and
the SALOGS USERS GUIDE. See Appendix H for a listing of the commands needed
to bring the various SISL and SALOGS software on line. The package is
supported to run on the DEC SYSTEM 10 using the TOPS-10/603A66.04

operating system.




CH 7. A REVIEW ) LIV HUAL FUNCTIONAL MODUELING LARGUAGES
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1 review some of the lanpuages whieh have already boen ereated for CADe A stud s
R of languages was uadertaken to help decide on the detall required, how a
j language structure should be defined, and to discover a standard upon
which a user interface could be based. The couvenlence of the user is
very important as is the following of coumonly accepted standavrds of
; circuit modeling. The chosen language must be expaudable so thaﬁ is can
remain current with modern technology.
There are many levels at which one may represent a digital system.
Vertically, the following levels in order of detail may be chosen:
‘ - electron or physics level
B - discrete device
- circuit
- gate
- chip
2 - functional
5
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SIsh models the structure of cystems at the functional level and SALOGS
simulates systoems at the gate leveles Together, they let the designer
o Tt the ooty chip, and taouctional Jevels oLl ot the saue time.
Horizontally, one may split the system into many ov few modules or subystem:s.
The bcehavior of the total system may be studied {in nore or
less detall by observing the simulation states which appecar on the llnes
interconnecting the subsystems.

Many languages have becn created by others working in the field.

These permit the description of exercising of digital hardware at one

or more of the horizontal and/or vertical levels.

ISP (Instruction Set Processor) [S83,39]

ISP was deveioped to describe a computers’ programming and register transfer
levels. Thus, 1t can be used to study the behavior of a digital processor. It
describes computers by using various fixed formats. Permitted are
declarations and actions affecting memory, processor state, primary memory,
console state, I/0 state, data types, data operations, and instruction
formats. Overall, it allows one to model computers at a very high level but
does not describe the inner workings of the hardware beyond register transfer

operations.
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AUPL (A Hardware Programstne Langaare) [Ho, 28)

4

APl wees L o tional conventions of ACL (A roncoaeadng b ouage) D
to deseribe dipital hardwarces Tts utility comes frow the partitioning of
a system into a control section and a data reglster/logic scetion. The
control circuit canses rogister transfers to take place in the data
scction by putting signals on its coutrol lines. Branching informatton
from the data scction influences the sequence of the control signals.

This 1is a very low level, reglster transfer languages 1t does not
precisely describe the structure of a digital system but simulates

its output based on input. Its simulation is based on the moving of data

from place to place and may be said to work at the information level.

PMS (Processors, Memory, and Switches) [S4,42]

PMS will allow the descriptioun of computer systems 1In terms of tiie
physical interconnection of a small number of elementary components. One
of 1ts main aims is to create a standard whereby designers may discuss
their simulations. It can be used to focus on certain structures or
register transfer and switching circuits.

The basic component types are mewmory, links, controls, switches,
transducers, data operations, and processors. These seven components
can be éonnected to create a eighth type called a stored program computer.

Many of the basic component types here are required in the description
of digital systems in gencral. It would be possible to describe the
behavior of a specific chip using this language. A problem 1is that a
simulation project would be made much easier 1f specific elements
were avallable which described the behavior of given devices which

can be purchased off the shelf.




FST (Fuuctlonal Siuolater and Translator) [57,46)

FST obves v dosigner the ohility to snoeetty Tostel aoqueaces of
operdations without having to explicitly specify the contirol logic. Models
are deseribed in sequeatial amd concurveat blocks. Any control logic is

implicit in the description of a block and is produced by FST {tself.
This language preseats fdeas which are very ncar to what 1s desired

in the new language. It handles structure and operations separately

and can be used at a variety of modeling levels. (A block could.be an AND

gate or a CPU for instance.)

LALSD (Language for Automated Logic and System Design) [S7,47]
LALSD uses a multi-level modeling approach which allows simulation
at any level of detail. Designs are seen to have two parts: structure and
control. It is very much like AHPL in that the control section, describing
system behavior, sends signals to the structure part to initiate operations.
This language also allows the partitioning of a system into sub-blocks
which can be easily integrated. It has facilities for linking subroutines
to its base software. Control signals were separated from the structure
for the following reasons:

- If a person is only interested in the behavior of a system, it
is not necessary to study the structure. :

- The control part can be implemented in hardware, firmware, or
software. Thus, there 1s a flexibility which aids ecconomical realization.

~ Such a model is very couvenlent for high-level modeling such as
looking at determinancy and deadlocks. Exhaustive simulation
15 avolded.

The general ideas behind the language are very much in keeping with the

goals attempted by this investigation. It will allow working at arbitrary

levels and intermixing them in one simulattion.
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SDL (Structural Devcription Langaaes) (v, 1)

¢ SO deseribes e dec L tise faacrvonacat o of oa

P o dieteal
blockse These blocks nay be ol any modeling level. Tt will also specify
the interfaces between two or wore subsystems. Contafoed in fte syntax i
the ability to describe node names, hlock oamen, {nterconmecticns between
blocks, numbers of I/0 lines, and other specifications used to fully
define the construction of a digital system. Tn short, one could
take a schematic and translate 1ts stucture to SDL.

Because of its syntax rules, which allow the easy specification of
a system structure, this language could fulfill the requirement for
specifying the interconnection of elements which are at first undefined in
their behavior. SDL does not intermix behavior modeling with structural

modeling.

IN SUMMARY

From the above discussion, the reader will note that several of
the above languages meet many of the goals as outlined in the introduction.
It remains to combine the best features of each to solve the particular
problems at hand. This combination 1s found in SISL and its interface to

SALOGS.
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Cit 8. e G A HODELING LALCAGE

Thi hopr e 0y e co b G e descrip bl ol Thie SAL e or,
SIste A view of ftw inner details will be given along with the bastie
philasophy boehind the languases. This will dewonstrate 1ts coupleteness
as well as fts usefullness to CAD activities.

Therce are scveral requircments which have been noted by those who write
description langunpes. These ave necessary for the clear and complete
specification of a digltal system. (D5,1]

1. ability to name and describe blocks waich
correspond one=to-ane with those of the system
be‘ng designed
2. separation of process and control
3. support for several modeling levels
4. separation of the various phases of simulation and testing
5. allowance of concurrent activities at the several modeling levels
6. specificatfon of svnchronous and asynchronous activities
7. description of data routing between elements

To these may bu added:

8. support of the user in his attempts to describe a system

9. easy interfacing to other design packages

10. following of standards which are generally accepted in the
design community
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The cholee made tor a lanpoage to support the fatermixing of functtion?
and pate modeffuy levels wan bhased on the above orireriaes SPLhowas chosen
For o hast e seatas of strectar sl code i ad S90S wa chosen for
process controle (See Appendix D tor a description of SALOGS.) The review
of Lhe other longuages was used to create SISL which comblnes syntax
features of SDIL and SALOGS. Tt extends the modeling
capabilitles of SALOGS by making it much easier to use beyond
the gate level.

The syntax of register transfer level, programming level, ana informat {on
level wodeling did not appear to be conducive to the intermixing of
widely scparate design levels. However, the general ideas prescuated by
the other languages were valuable in the effort to derive the
new language, SISL.

The details availsable on SDL were sufficlent for anm in-~depth study of
that language. Also, its syntax is very close conceptually to such
languages as PCAP (Priuceton Circuit Analysis Program) [S8,1]) which
is a discrete component level circuit simulation package. Many
practicing engineers began by using similar design aids. An intuitive
feel for SDL s use cau be easily developed since it is "natural" to a
hunan user. SDL’s syntax works very hard for the designer.

Thus, a subset of SDL was chosen to begin the construction of SISL’s
syntax. It was modified slightly to conform more closely to that of SALOGS
and to cover some areas that might help the user make fewer errors

when deseribing a system. (More on this later.)
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SISL DETALLS

SISL T el Do oo 5T oy Lo def e a0 on e, thet resides §a SALOGH, /
It lets one describe the structnre of arbltrary (functivnal) level dipital
systems and thelr intervface to the gate level portion of those syntems.
SISL simply adds to SALOGS the ability to ecasily describe structures of
a functional level in addition to its gate level without having to do
FORTRAN coding or to become involved with the detalls of SALOGS®
SMODELS scction. (Sec the SALCGS USERS GUIDE.)

The SALOGS/S1SL system separates process and control. The process is
the behavioral model of the functional element written in FORTRAN. Control
resides in the structure of the digital system. A behavioral model may be

changed at will (as long as the number of I1/0 lines remains the same) without

the need to modify the system structure.

(*) For further detall refer to the SISL USERS GUIDE.
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structare, routines to coapfle the comblonation of fanctional oad cate Teved
structures, routinee, to coapile the exerci ciae comnaads, routiae = o
purform the exercisiay conmands, and routioes to perforn fanlt
analysise.
SISL SYNTAX
Appendix B shows the syntax of SISL. There are two differences
between it and that of SALOGS.
-~ A ";" separates the list of ovutput nodes and input nodes. This is i
to force the user to carefully cousider line assignmeats. When
one may specify up to 40 nodes per element, this becomes necessary.
Also, it provides an aid to the user proofing of the structural
description.
~ A "*" ag the first character rather than only in column #1
flags a comment line. This 1s a uscr convenience and allows

creation of banners without the need for an extrancously filled
column.

The syntax rules are not as extensive as that for SDL, the model for
SISL, since only the interconnection of pre-defined elements 1s counsidered.
However, S1SL 18 complete and will allow the description of system
structures where the clements contaln up to 40 1/0 lines each. This
limit had to be sct due to SALOGS® internal restrictions. SISL is

designed to interface casily with SALOGS.
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theoph dts caae of faicrtace ta LAi06s, and terongh 1. veer proof ing.
It s frdenll. oot s aot take loay ta leacn.s Also, beiag mndul o
in lts contruction, rodification. aad addicions arve not difficalt
to make.

Uscr proofing is porhaps the most fmportant feature of a package
whtich is meant for rel.ose to those who have no need to understand the
funer workings of the softwarce. Bastcally, a philosophy of error
checking should ia-lude the detection of problems at the earlfest
possible poiat ia the program. Frrors should not be allowed to propagate
beyond their point of earliest detectability. Too,

The user must be able to determain whether fallure of an

attempted operation was due to impropor control signals

or system mialfunction {P3,13].
If “...improper control signals...” is replaced by "...improper user
input data...", an idea 1s obtained as to how to approach the delivery of
error messages.

While SISL will not catch all conceivable user errors, it will
note errors due to syntax violations and inconsistencies. These

inetade a node being used for {nput but not for output and an

{rncorrect wanber 9f 1/0 nodes for an element.
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ancl oo U U el o et e rired by v BALOGS ST poartion.
b Thic v oo ratiey ot iive coaver b s e SALDI et res galte o

Tot to set v a structure U the funct{iona] 1o ol (See Appeadic A for an

No nude noame conversions are wade althourh 31560 will check the

{ correspondiace of numtors of 1/0 Tiaes and the naming conventions.

[ It will also ensure that each node {5 used at least once for input and
for output. During the parsing of the seveval syntax diagraas, SISL will
check the integrity of euchs Any crror will result in a message and an
immediate controlled termination. The syntax diagramming, which guides the
parsing of user input, is based on that for the computer language,
PASCAL [J2,1). The procedure is the author’s original design Each line of
input data i{s dealt with as a single entity. It 1s not necessary for SISL
to knot what went before or what coimcs later. A lines’
syntax 1s translated and then spooled to a scratch file which
eventually becomes the $MODELS heading for the SALOGS gate level port.on
of the overall systom description.

] Node nvmes are retained as is so that throughout a coaplete
. simulation, the designer will not be troubled with several words

which stand for the same thing. The 1ntent has been to case the

burden placed on the uscer during the design processs
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tove tional dTevel Jdipfoat sianlations. This poal was met by the creat ion

ol 5I5h, a tunctlonal 1evol preprovessor to the pate level 5ALOGS CAD packa:

becanse the sponsors will aow be able to support projects previously deaicd
duc to the DFC-K modeling limititions. An easy wix of functional and
gate level modeling has been achieved. A denigner may directly interuix
the two levels of modeling while saving main mewory aand time. The assumption
here ts that a behavioral wodel of a system element will perform faster
and in less main memory than its gate level counterpart. Tt will
deliver less detail, but the extra detall 1s not desired by wmost designers
modeling at levels beyond the gate level.

The group of possible users include all of the instltutions presently
making use of SALOGS. These include several univevsities and industrial
concerns as well as the two sponsors.

SISL is presently running on the AVIONICS LABS DEC SYSTEM 10 and

the SANDIA LABES DEC SYSTEM 20. It has proven itself a great aid in the
modeling of digital systems. Continuing support will be carried out by the

author (sce VITA for address) through SANDIA LARS,
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An extensive Hbhr ey vonld nean that VORIESD codiag woald not ety He
done to fnclnds an element in a s Lon vodels The timdngg caestton shoald
also be addressed. As dipital systewms boecome faster and faeter, the timing
issue increases in importance.

Presently, ouly the following are in the behavioral Mbracy:
a four input OR gate, 4-10 decoder, 2K X 8 Roif, and a
256 X 8 RAM. An ALU would be encouraged by the sponsors as
would a CPU. An extensive timing buss would also be valuable.

Anyone wishing to use or extend the features of SISL or its behavioral

library should feel free to contact the author or the sponsors.
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SISY, Structural Interface ta tae SALOCS aaaape, Leodesipned acoa
functional level proprocessor ta SALOGS (S4aa0ia LOGie Siwmulator) wihich
is a pate lovel diglht 2]l simalatore SALIGS iunlares dipgival
systems uslag AND, OR, and INVLRT nrimitives, These primitives or gates
perfora Curiog the simulation almoct the sauc as do their MOS techaolopy
counterparts. Eight signal states are used to partition voltage levelse.
These ecight seates include the loglceal states. Refer to Appendix D of
of this gulde for more on the application cf and the terms applied in

in relation to SALOGS.

The purpose of SISL 1is to allow the description of a digital system in

terms of high level devices such as adders, shift registers, etc. rather
than in gates such as AND, OR, etc. This level of description will be
refered to in this manual as macro descriptions. The term gate level
simulation 15 used here to refer to digital simulation using MOS
technology behavior models of AUD, OR and INVERT eight state primitives.
The several algorithms attendant to S1SL perforu their prepreccessing

by tmplementing a digital system description language very close to that
of SALOGS ftself. Thus, the designer will find the use of this new

level of modeling quite easy to transition to 1f he has gained a
famillarity with the SALOGS design ald.

Not only can the designer work at a very high level of system description
but he can link a gate level SALCGS model to a SISL macro wodel and run
the entire network as one system. This quide assumes the users’
knowledype of SALOGS. Appendix D of this quide contains a copy of the most

recont users gulde to that packages
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OVIRVIEW

SISEL s desfeoncd to von as a fanciiona) Toevel preprocoasor to the
pate level SAL0ES wodeling sottware. ft will aceo ot finctional level
deceriptor fuformation and return the SALOGYS poraneters regquired to
ereate a single entity fron the functional and gate level portions of
a digital systems’ model.

Fig UG-l shows the run tlme data and control flow for SALOGS.
Obviously, thils design software runs as a series of bateh programs
interfaced through a number of disk files. Fig UG-2 shows how SISL
is an added program (preprocessor) to the SALOGS series. The user
creates two model files. One holds the SISL macro model portion of a
digital system and the other holds the gate level portion. These two
files are manipulated by SISL to produce a total network description to
be processed by SALOGS. SISL does not produce gate level models for the
large scale devices. Rather, it creates linkages to FORTRAN IV behavior
models. These behavior models (called functional models in the
SALOGS literature) determine how the device operates and the technology

involved. They are not required by SISL itself.
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MOBELS. PAT e

SETUP,DAT oo rvvin o Do s i s

John T Achien)

HETVRK RETHRK, FOR, ACKEH, MAC-SYS TR DESCRIPTION ConplLEY

—~ SETPRT.DAT

I

ERROR MESSAGLS

b FAIPRT.DAT = FANOUT INTERCONNECTION

SALSTMLDAT = viosiyt T isdieiar Moz ovemn

l

FALOUT  DAT SALSII, FOR=FXERCISING PROGRAM

SALSIN ' COMPLLER

L—= SCLPRT.DAT = ERROR MESSAGES

SC LOUT, D;\T=com’1 LED EXERCISING PROGRAM

SIFHUL STHUL FOR, ACKSUB.TOR, ACKEN  FAC-
DIGITAL SYSTEM 1§ OPLRATED UPON BY THIS
PROGHAM

- STMPRTLVWRKS #5500 G tobil IGICISE G

lFAULT.LST=IT%FORI'{ATION GENERATED FOR FAULT ANALYSIS

FAULT FAU[.T.FO.’Z,SI.'".U{. QR/LID ACKSUS, FOR, ACKEH, MAL

PROCKRAM WHICH PilroMS THE FAULT ALAL Y‘?[u

b= FLTPRTHRK- w118 oF BAUIT A UIYSIS
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SIsL.Nay = The decription of the functional level digital syston.

STSL NAN:

A 1ist of device names and thelr individus) num
1/0 lia~e and internal subrout

ine names.

ber of

SISL.OUT= All mesiages generated by SISI during its last run.

SETUP . DAT = e e >
SISLeNAl{mmmrme————— >
SISLeDAT~—mmemm e >
SETUV ¢ DAT =wemmme >

USER INITIATION

. o B e . i R e Sl 8 P e ek e i i e
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SALOGS
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RUN TIME
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SIS SYIrAK

o e o et e e tion Danpuae o s T b o to Uit
dovelonod by Wt Ve Clecmput for his 8D or Structwural
Decvription Lao oo [V2,1)0 For all the seeming conplexity,
the source code tor SISL is oaly 1100 lines of FORTRAN IV.e Appendix C
of this gulde contalns the listing of the soflware. Appendix B of this pui
gives the sct of syntax diaprams which completely define this lanpuapge.
Onc¢ nced only stady these constructs to understand the syntax.
AN EXAMPLE
To demonstrate the use of SiSL, a complete run will now be presented.
Fig UG-3 is an example of the block diagram of a digital system. In the
next section exauples will be given of each file required to program it.
There are scveral steps required to build a functional/gate level
model. These steps are:
1. obtain the pate diagram for the gate model
2. code this moJdel in the SALOGS gate level launpuage
3. test for compile and exccution ervors of this model
4. declde on the functional level additions to the gate level wodel
5. write the SISL franctional level portion of the overall model
6. test this portion for compile ervors
7. run a test on the total functional/zate nodel
8. repeat steps I-7 until results are satisfactory
The gate level portion of this system consists only of an AND gate.

Since the designer is assumcd to already have some expertise with

SALOGS, we will only discuss the SISL requlrements of the system.
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fhhe provide Uhe dntoroatbon roguised by S0 @t ron Cirees ¥ollowing 1n
a 1ise of those 1o | deseriptions of th i+ vequired foraat, anld
sample of cach. Torether, these file denonstrate the proagranming of the

block diagren given in Vig UG--3.

SETUP.ODAT The SALOGS gate level portion of the intended digital
system; SISL adds to this file the linkages to any
required behavior nodels. Refoer to SALAGS USERS
GUIDYE for the details of gate level modeling. SISL
assunes that this file originally contains no S$HONILS

section.

Original version (creiated by user):

INPUT A B C
OUTPUT K

AND KR I J
CIRCUIT H I JABC
EiD

Final version (created by SISL):

S$MODTLS

COUNTUD 0 3 3 6 2 0
FED ABC

END COUNTUD

RTOG 0 3 3 6 1 0
H1Jd FEOD

LN BTOG

CLRCULTY 2 3 3 6 0 0
< H 1 J A B C
JOUNTID Y B D A B C

Broc H 1.0 FED

D oTRer Y

SEND DS

Birur A B C

OULPUT K

AND K H T

CLRCULT H 1 J ABC

END

L b

2 e f - s
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SEOLGDhAT Clive o cedption o Lthe naoro portion ol the dipgital

T coationed alo witin its sttendant T/0 Lines in this

fachonn:

DEVICL 5y s PACE ju PRI T(SPACE Y (SPAUE) LRLTST where

OUTLIST is the list of nodes fovming e outpat from the

device and INLITST Is the list of inputs to the device.

The {irst non=comnent lince of this file is:
CONNECT{SPACEYOUTLIST(SPACE) ; (SPACE)INLTST  where
OUTLIST is the list of macro wodel outputs
to the pate model and INLIST is the list of inputs

coning fron the gate model.

*
*
*
% THE SECOND TEST OF THI SISL/SALOGS TRANSLATOR
*
*
*
CONNUCT H I 0 5 A
COUNTUD I & D 5 A B
Biea H 1 J 5 v EDR
£

@]

Continuations are noted by usiog 4 space followed by a "*" at the end
of the continued line. A Tine may be continued from any point where a

"1 oas the first

space occurss Comment lines are noted by having o
choracter of a4 Hneo An cxample of a continuation follows:

CONOLCT H L 1 %
ABC

(18}
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Sioboran AV Ist of al)l the allowed hish level devices and certain

pararetore uniepree tao cach one. Frervy Wiieh Tevel dovice

!
usahte by SESL and having code inorhe behavioral 1ibr oy
1o Vioted in this way:
LINE 1== Dovicenauce(col 1=8), Vv ft justitinod (o colam
one
LIKNE 2=~ nunber output nodes required (col 1-3)
number input nodes required (col A-10)
SALOGS functional model number (col 11-15).
All numbers are integer and right justified.
BTOG
3 3 1
COUNTUD
3 3 2
SISL OUTPUT FILES
SETUP.DAT The combination of SALOGS gate, functional, and logical
. models created by SISL. This file contains the total
. system to ba sinulated and is passed on to SALNGS.
L]
X
P SISL.OUT All messapes generated by SISL during 1ts last run. Each
4
L nessage 18 of the fornat:
P
N
3
' SUBROUTIRE CGHNERATING MESSAGE, FORHAT NUMBER, aund MESSAGE
’ Fig UG-4 pives an example of this {1ile.
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L. [ N OTHE SECOID PEST O THE SESL/SALOGS TRANSL A TOR

]

I

[ b1 1o=— *
N BT
R
1

NEUL e~ Cuniuet L o3 A B C

CONVOCT 410
TOUAT A RODDS COrrioN T SALOGS = 6
QUIPUT NabDua o v ons s

el NOohUuS ROl SAlaes= 3

W

*xk QUTLIST Hokx
H
I
J

*x% JTNLIST #%%

o=

GETHMOD 2-- AM BULLDING THE SALOGS FUNCTIONAL MODELS
LINETY I5== COULTUD F ED ; A B C

LIREIN 15-- 310G L T J ;3 FED

LINETIN 15~- END

GETHOD 1002~

NODE Rants OUTFLAG IRFLAG HASH #
A 20
B 21
c 22
) 23
E 24
25
27
28
29

—

H
1

[ Y e
— et bt b bt et e am

..... S AN BUTLDIRG THE SALOCS LOGTCAL HODIL
FRDUMOD 3=—= AM REBUTTLDING SETHP.DAT FOR SALOGS

The 1 under OUVIFLAG/INFLAG indlcateos that the node has been used
an out put /input node.

Y16 UG-4 tEXAMPLE OF SISL.OUT
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SToh aaes vwa Piles, TRVD and 1e2, Loy working storape. then.

.

files are croated aod deleted dorias any ol von Fun.
O J oo

CAUTLON O FLILES

Any file used for output by S1SL should always be
backed up by the user prior to ecach run {f the current version of
that file is desired for retenriva. This is particularly true of
SETUPWDAT since it is used first by SISL as the gate level portion of

the digital network and then to contain the total system description.
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APPERDIX C

SIEof, LTSTING

EACH SULROUTINE IS PRECERDED BY TTs O OZURATING FLOW CHART.

THE FLOW CHARTS PORTRAY THIL ALCORITHM USLD FOR FACH ROUTINE.

In all the software, liberal use is made of certain functious which
may not perform the same way on all computers:
OPLX, CLOSE are used for disk file handling.
+AND., .0R. arc used on iateger variables for data packing and
and unpaciti; These depend on a shift left being

caased by  1=1%2  and 4 suift vight being causcd by
I=1/2 where I is an integper variabla.

J="K places the non-decinal octal valuce K inte the

integer location 1.
&
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IMODLTL.

ENDHOD.
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MODULO.

ICHAR. .

IFIND..

LOCAL. .«
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OO OO s
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107
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IDrAGL
MAXT[D
MAXINDL
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NOID
MAXCON

LINE
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LINERND
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NGO
NUMIN

NuHoU L
MODCNT
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SAABER O BEHAVTORAL BLOCKS

A LIST OF ¢Uaracty Unty LN SIS0
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NUHBER O «
THE NUMBER
Tob LENGTH

0, NO R0 ooF
THL STAE OF

THID HASH T
THE ALLOWI
MK LD+
HAXTD#+2
0, 1D Fom

THi. MAXTHL
BETWEEX THE FURCTLOR

OF THy Tt

Faci N.’\.-xl',u AN THE CORRESPORDING
YITPUU/ LR NODES RILIRED BY EACH.

O CHARAWST s TN LSTOHR

OF AN INPUL LINE

FILEeool, EXND OF FILE REACHED (IRPUT)
1OTARL

ALY FOR IDS

) LENGTH OF AW IDENTLFLER

) 3 1, NO ID TFOUND

‘vrrw OF NODES IMICH CAY BE SHARLD
AND CATE LEVEL PORTIONS

AL Jln.;J DEGURTPTION.

Titin CORRENT onXInG TRoUT LINE

A GENTRAL
THE END OF
TH BEGLNN
CURRERNT VO!
THYE LIST Or
THE SISL BY

SALOGS Carti

THE NUNLR
G clRRL
TH oMo
Tell NUMRER
THE NUMBIR
BY S1sL.DA

RRAY TO LD UORKING TaFORUATION
U CURIENRNDY WORKTING IWFUT LINE
NGO THE NINT LDenTLIYIER IN THE
TG LapUy LINE

QUIPUT AND LRPUT NODD CONNECTIONS
HAVIORAL Monkl SHARLS WIT: THE
oL

O NODE BATS

TO PUT ON A SINGLE LINE

SUONUIREIO O obts 1N Letaan

O 1NPRT Nos 1w LeToas
GPTOUIPUE e ns T LS
O BUHAVIORAT MODELS REFERENCED

T

COMMUN/MODELS/ MODONT, RUPIDUT

COMHON/IDS/ IDEABL(I000, 10), THPLAC,MAXID] , MAXLD2
1 IDISLZ

cotMOTINATE S R

AT (00, 1)

LSLVUAM AKX ], MANXNM 2 MAXNM 3,

1 N\\“Wo,l\.nlu,l"tHu(/O),\\1’HR

COHION

TSYSL/ LR (R0) ,LTNET (80) ) IBLANIL, TASTRA, MAXLIN,

1 I,IML!.I), IDPNTRLIARTD,NO LD, LD LT

cormaN/uonts/ ot

1 1CoL0N
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STCON(I00, 8) , NUHCON, NUMOUT, NUMT N, MAXCON,
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DATA NAHES, ESCOR /ISP 05 1 /L LIRE/ 8030/, LN/ o/

I I O B A S A B A NS AT S I A AL I LR IRV SR S O ¥

Yy oy

DAY A lsT(:‘::K‘I T l “n Wy “ll ,]
LoLoin, LG, i .q,lnu,luw,l , L, L
2 qu,zuv,lux,lnl,lHB,lnu,;'<,1~:,1
300, 0, L, 10/, Wy, W, e, i), b
4 1>, L7, e, e T, L), 1, L, o
5 1, 7*1d /

DATA TBLANI, TASTRA, TCOLON, YAXLIN, ENDITL, MAXTD, H4XCON
1 /10, L%, 1, 80,0.0,8, 100/

DATA MODONT, MAKNAL MANSUT ) TIAKRM 2, VAKX 3, AN YA MANBLE,

1 KUHCHR /0,8,},}0,11,12,60,70/
OPEN ALL FILKS
CALL OPEXN

READ IN TdbE LIST OF ALLOWLD BLOCK NAMES AND THEIR
REQUIRLD NUMBER OF QUTPUT/INPUT \OL)E,.) AI\) i FNUM?

CALL READUM

READ THE CONNECT CARD. THIS SHOULD BE TuE YFIRST
SISL COMMAND CARD.

CALL CONECT

TRANSLATE THE BEHAVIORAL SYSTEM DESCRIPTION INTO
SALOGS FUNCTLONAL ARD LOGLCAJ. MODEL SYNTAX

CALL GETMOD
PUT THE TRANSLATED TRFORMATION TROM S15L.DAT ON TOP

OF SEYUPDAT

APPEND TO "TEMPI' THE SALOGS PUNCT LONAL MODUL
INTERFACES.
APPEND TO "TEMPI™ THE SALOGS LOGTICAL MODEL "CIRCULT"
CALL IMODEL
PUT MLEMPLY™ INTO "SETUPLDAT' AND DELETE "TEMPL"
CALL ENDMOD

CLOSI ALL THE PILES AND TERMINATE EXECUTION.

CALL CLOSE
FND

0o I’ﬂ,lhw, HERBHRR

RS ENS AR BN
zu l”/ Las, Liv, 1no,
0o, V=, W THT T,
i nu,1n$,1nﬁ,1n”,
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S ROUT U uaant

GO Loy, WL L (30), TRLAT, LASTRA, MAXLIN,

Lormisin, b oo daain, Nor i BNDE L

WRITE (2,10)
Vs (5, 10)

10 FOsAT (0 BALT 10== %% FATAL ERROR %% PROCRAS HALTED #%7)
IF (LIRERDOLE.0) GO Tu 20
WRITE (2,15) (LINE(L), T :1,LINEND)
VURTTE (5,15) (LING(I),T=1,LINEND)

15 POXMAT (7 HALT 15--=7,
1 7 CURRENT STSL.DAT COMMAND LINU= °,80Al)

20 CAL), CLOSE

END
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Y, U

SUBROUI L oy

OPENQRITT 20,00Vl =70l JACCES S-S0 IR
L DESTOsy- 0 vn  rih s T a e NadT )
OPEN(UNT I 1o, nuvich Daiet” JACCESS= 78 EQINT  MODL="ASCLT?
1 DESPOST “Savn RIL="50 0P DATT)
OPER(UN T YO, DEVEC TH0 KT ACCES =S Hg i N
1 DISPOSE-"nonvt P ILE - S LSLDAT )

OPEN (L 3, 1 VICES DO yACCES S= 5 U0 UT 7 MODE="ASCTL”

LHODETASCIT Y,

b

-

JHODE=TASCLLT,

’
L DISPOSE 8wt JFILE="Tip27)
OPLRN (NI 2, DV E="Duig” JACCLSS: S EQOUT ", HODE="ASCTT ",

1 DISTOSE="UAVE ", F1Le="818L.0UT7)

OPEN(UNIT1, DUVICL="DENET JACCHSS="SEQOUT 7, MOD="ASCIT ",
1 BISPOSE="S.VE T, FLLE=" 7M7)

REWIND 20

RLWIND 15

REWIND 10

REWIND 3

REWIRD 2

REWIND 1

RETURN

END
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NUBKRENS
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GG
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STopr

SND
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COGRET THE T GOy LU FRGY ST DAY
C
Liibis O
5 REas (T, 10,0 0y Ty Lt
10 PO (204
Wl S (G, 18) 1T
WRI G (D, 15) L1
15 FO a7 Ll 10-= 7,80.1)
C
C BDELETL DOPLTOATD BATINS
DO 20 T=1,M/. 00010
1 (LIniEl(i.nre Thna 20 G Ty 25
20 CONTI0E
GO o 5
25 IV (LI {IY orne a2 Tiy) Ge e 5
27 LIRERD LT ]
LTNBECLIIND) =N inn i )
I=1-+1
IV (107N G T 500D
TEO(LISLITY N s D) v T 27
AT R TN BN

TE el an Teaan
DO L LT
I (L Ial (I IBLaa) U T 27
30 Curir iy

101! Tovy !
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AIR FORCE INST OF TECH WRIGHT=PATTERSON AFB OH SCHOO-=ETC F/B 9/2

A FUNCTIONAL LEVEL PREPROCESSOR FOR COMPUTER AIDED DIGITAL DESI==ETC(U)
DEC 80 P 6 RAETH .
AFIT/GCS/EE/800-12
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s NN NoNo Nl

PUT

aoon

10
c

1

SUBROUT i HEXT D

IR I ANV T A VR AL O RSP FIN X0 D BN S PHTIRUO TR ATNS I LS SRR SONY BN
INDTSIZ
COMIEIN/n st/ LINE(SU), L b (00), VA DAY LA MaXb i,

OLTRERD, TR, Al e Ly il

1

COMHMON/ROBLS/ LSUCON (LU, 8) , NUHCHN, UHOGUT, NUITH  HAXCON,
ICOLON

THIS ROUTINE GETS 'THE NUXT 1D IN AN TOENTIFLER L1ST.

CHECK ¥OR SPECIAL CASES

NOID=0

IF (IDPHTR.GT,.LINEND) GO TO 500

IF (LINE(IDPNTR)WFQ.TASTRA) CALL LINEIN
IF (ENDFIL.EQ.1.0) GO TO 550

IF (LINE(IDPATR).EQ.ICOLON) GO TO 475
IF (LINE(IDPHTR)WEQ.IBLANK) GO TO 1500

THE NEXT ID INTO LINEL

DO 10 I=1,MAXID
IF (LIKRE(IDPNTR).EQ.TBLANK) GO TO 100
LINEL(T)=LIFE{IDPRTR)
IDPRIR=IDPRTR+L
IF (IDPHTR.GT.LINLND) GO TO 100
CONTINUE

C PACK BLANKS AT THE END OF THE ID

¢

100

150
200

210
400
415
C

I=MAXID+1
IF (IDPNTR.GT.LINEND) I=T+1
IF (LINE(TDPHTR).NE.IBLANK) GO TO 600
IF (I.GT.MAXTD) GO TO 200
DO 150 K=I,MAXID
LINEL(K)=TBLANK
CONT INUE
TOPHTR=IDPHTR+]
DU 210 I=1,MAXID
IF (LINEL(T).EQ.IBLANK) GO TO 400
ICHR=LINE1(T)
IF (ICHAR(ICHR).GT.36) GO TO 700
CONTINUE,
IDPLAC=IDHASH (IDUMMY)
RETURN

C NO 1D FOUND

C
500

NOID=1
RETURN
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C

C ERROR MESSAGES

C
550

551

600
601
700

701

1500

1501

1

1

1

WRTT: (2,551)

WRITE (5, 551) ‘

FORNMAT (' NEVIH A0 e PO LETELE PRYTNG TO (I}Z'l",
T CONTINDATION CARD®)

CALL HALT

WRTTE (2,601)

WRITE (5,601)

FORMAT (° NEXID 601-~ ID TOO LONG”)

CALl, HALT

WRITE (2,700) (LINEL(L),I=1,MAXIND)

WRITE (5,701) (LTWNLI(L),T=1,MAXID)

FORMAT (7 GEXID 700l-=~ ID CONTALNS IWNVALID CHARACTERS®,
° (A-2,0-9 ONLY) “,10Al)

CALL HALT

WRITE (2,1501) IDPNIR

WRITE (5,1501) ILPNTR

FORMAT (° NEXTID 1531-= A BLANK IS THE FIRST CHARACTER’,
’ OF AN IDENTIFIER’,/,” IDPNTR= *,I110)

CALIL, HALT

END
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. C
: C
C
SUBROUPINE IMODEL
{ C
COLLON/H0BELS, HoDuN T, NU i UT
COMEON/NODES/ L5 LCOR (100, 8) , NUMCOH, RILIOUT, NUMIN, MAXCON,
4 1 1oLy
COMHOR/SISL/ L13E(80),LINEL(80), IBLAN, TASTRA, MAXL LN,
1 1 LIKERD, IDPHTR, 4AXID,NOTH,ENDFIL
. C
) C THIS ROUTINE CREATLS THE SALOGS LOGICAL MODEL "CLRCULT®
' C AND APPENDLS IT TO THE BEHAVIORAL MODEL LIST NOW RESIDING
C IN FLLE "TEMPL"
C
C
C PRINT THE "CIRCUIT" LINE
c

WRITE (2,5)
WRITE (5,5)
5 FORMAT(” LMODEL 5-- AM BUILDING THE SALOGS LOGICAL MODEL’)
WKITE (1,10) MODCNT,NUMOUT,NUMIN,NUMCON
10 FORMAT (“CIRCUIT’,4(1lX,14),° 0 0)
NUMPUT=80/ (MAXID+5)
TF (NUMPUT.LT.1) GO TO 500
M=0
N=1-NUMPUT
C
C PRINT THE OUTPUT/IL{PUT LIST
c
' 15 M=M4+NUMPUT
L N=N t3UMPUT
- IF (M.GT.NUMCON) M=NUMCON
IF (N.GT.M) GO TO 50
IPLACE=0
“ DO 20 J=N,M
o DO 18 K=1,MAXID
IPLACE=IPLACF-+1
LINE1 (IPLACE)=LSTCON(J,K)
T 18 CONTINUE
IPLACE=IPLACIK+]
Y LINEL(IPLACE)=IRLANK
- 20 CONTLINUE
y . IF (NUMCON.GT.M) IPLACE=IPLACE+]
;f IF (NUMCON.GT.M} LINE1(1PLACE)=1ASTKA
> WRITH (1,25) (LINE1(I),I=l,IPLACE)
: 25 FORUAT (80Al)

h IF (NUMCON.GT.!f) GO TO 15
! 50  IF (MODCNT.LT.1) GO TO 70
" 1
b
"o
v
F 94
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h U
{
' C
C LIST THE BLHAVIORAL, MODEL LINES
C Tiisy RESTDG LN Tene2
! C
crocn (rrer Ty .
) T N A SRS PR IS P IR ARANIN T O DRSS FU S BAMIRT T 10T I ST 0 &
1 DISPOSE="DEL T FLLE="11H127) ,
E REGELD 3 ’
! 55 READ (3,25, 5.0-70) LINE] i
WRLTE (1,25) LTREL
| GO TO 55
70 WRITE (1,71)
71 FORMAT (7END CIRCUIT”,/, S$END MODLLS)
RETURN
C
C EKROR HMESSAGES
c

500 WRITE (2,501)
WRITE (5,501)
501  TFORMAT (° LMODEL 501—- NUMPUT<1, MUST BE>1’,/,

1 * THIS IS CAUSED BY NODE NAMES BEING T0O BIG’,/,
2 * DECREASE THE ALLOWED NODE NAME LENGTH")
CALL HALT

END
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SUBROUTING ENDMOD

(¢}

COTBION/SIRL/ LINE(B0) , LINEL(S0), LBLA I, LAS TR, MASLIN
L LINERD, IDPN T2, MAXID, RO LD, ERDELL

REMARE SETUP.DAT TO HAVE AT 1TSS HEAD THi NEW MODELING
INFORMATLON CREATED BY SISL.EXE

GET "SETUP.DAT" AWD APPEND IT TO "TEMP1"

oo cCcoao

WRITE (2,3)
WRITE (5,3)

3 FORMAT (° EMDMOD 3—~ AM RERUILDING SETUP.DAT FOR SALOGS”)
1 READ (15, 5,END=100) LIRNE]

WRITE (1,5) LINEL
5 FORMAT (80A1)

GO TO 1
c
C TRANSFER "TEMP1" TO "SETUP.DAT"
c
1

00 CLOSE(UNIT=15)
CLOSE(UNIT=1)
0PEN(UNIT=15,DEVICF~'D€KC' ACFEQS—'SBQOUT',MODE=’ASCII',
1 DISPOSE="SAVE" ,FILE="SEITUP.DAT")
OPEN(UNIT=1, OFVICF—'D%RC ,ACCESS="SEQIN" MODL— ASFII

1 DISPOSE="DELATE’,FILE="TEMP1") »
REWIND 15
REWIND 1
110 READ (1,5,END=200) LINEL
WRITE (15,5) LINEL <
GO TO 110
200  RETURN
END
97
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SUBROGT L e ion

B R R N AT I 3 N P N
IO TN I BEE A H

i b (s TREAHN LAS T, MAKL TN,
: [ N A TN R R 0 D I A
COMMON /O, WAMS S (o, U2 M0 T AN MAT 2, MARNS S,
I OMANIDL DL e (70, N i

COMMON /N0 s/ LatCon (100, 3), NUICOR, NIHOUT, NU LT, MAXCON,
1 ICOLON

READS I[N 1D SMAAVIOONAL MODEL FROW STSLODAT ARD
ARRANGES TT FOoR SALOGS.

aoaao

WRITE (2,1)
URITE (5,1)

—

1 * MODELS")

(@]

> GET THE RIXT BLOCK IN THE BEUAVIORAL SYSTEM

ac

WRITE (1,3)

FORMAT (“$MODELS”)
NOUT=0

NTOTAL=0

OUTF¥LG=1.

CALL LINEIN

w W

CHECK FOR LOF

ao

IF (ENDFIT.EQ.1l.) GO TO 1000
IF (LT.FE(1)«EQes IHE.AND.LINE(2).EQ. IHN. AND.
1 LINE(3).EQ.1HD) GO TO 1000

PULL OUT THE BLOCK NAME

[eEeNe]

MODCNT=40hE T +1
DO 10 MU =1, MANNAY
LINET (NS H) =L TGOS
IF (LIM(REMSH) EQ. IBLANK) GO TO 20
10 CONTINUE
11" (LINECIATRMY N TBLANK) Go TO 600
NUMHSH=MAN 1]
20 NUMHSH=NUTHISTT=1
IPLACE=TY I N0 (NUHIISH)
IF (IPLACE.EQ.Q) GO 'fo 500
TDPTR= A2
WRITE (1,22) (NAMES(IPLACE,T), 11 ,MAXNAN),
1 (NAMES (LPLACE, 1), T=MARRNMIT, MAXNMA)

22 FORUAT (801, ° 07,415,° 0°)
IDPNTIT-THENTR
I (LINECINIETRY CEQ TASTRA) WRLTE (3,105) LINE

TF (LINECTDPNTRY EQ. LASTRA)Y 1DPHTI=1

101

FORMAT (7 GEIMOD 2-- AM BUILDING THE SALOGS FUNCTIONAL®,

e S ———




C

‘ C CHECK ALL THE IDS OF THE GLVEN BLOCK, REMOVE THE ;
| C
30 CALL NEXT L)

1 PN da e 1)y 6o o 170

N C

E C CASE FOUU SEMICOLON

- c

3 IF (LINECLDENTR)WNELTCOLON) GO TO 100

L IF (LINECToIPR+1) SNEGIBLANKY GO TO 700
LINE(IDPHTR)=IBLANK

OUTFLG=0.

IDPNTR=INPITR+2

IF (IDPHTR.EQ.3) NOUT=HTOTAL

IF (IDPNTR.EQ.3) GO TU 30

NOUT=NTOTAL+1

IDTABL(1DPLAC,MAXIDI )=1

CASE FOR ASTERTSK

00

00 IF (LINE(IDPHTR)NE.IASTRA) GO TO 110
WRITE (3,105) LINE

105 FORMAT (G0A1)

WRITE (1,105) (LINE(I),I=IDPNTI,MAXLIN)

IDPNT1=1
C
C CASE FOR VALID ID
C

110  NTOTAL=NTOTAL+1
IF (OUTFLG.EQ.1.) IDTABL(IDPLAC,MAXIDI)=1
IF (OUTFLG.EQ.0.) IDTABL(IDPLAC,MAXID2)=1
GO TO 30
120 IF (NOUT.EQ.0) NINPUT=HTOTAL
. IF (NOUT.NE.Q) NINPUT=NTOTAL=NOUT
WRITE (3,105) LINE
WRITE (1,105) (LINE(I),I=IDPNTI,MAXLIN)
WRITE (1,123) (NAMES(IPLACE,TI),I=1,HAXNAM)
- 123 FOPMAT (4ULRD ,8Al)
: IF (NOUT.RQ. HAMES (TPLACE, MAXNML ) « AWD.
5 1 NINPUT. EQ.NAES (IPLACE, MAXNM2)) GO TO 5




-y

C ERROR MERSAGES

C

500

501

600

601

700

701

WRLTE (2,129 hour, pase (TPLACE, T,

1 SRR A A A A A
SRR A & R IS TSSO A LS N S I
1 WINPT, (L PLACE, L)
FORSAT (7 CR oo T2%-= DUVAL DY a0 oF outeare,
1 20K LUIPOr LLES Rel THES w0, e/’

REQUARED S o« 0 cONYPU L= 7,275,7 oo JINPUT= 7,219)
CALL HALT
WHTY (2,501) (LINELCTY, T=1,NUMHSH)
WRUTE (5,501) (LTOEL(L), L1, NUMHA)
FORMAT (© GEUHOD 501-~ BLOCK NAME RKOT FOUHD IN7,
1 7 NAMES TABLY...= 7, 10A1)
CALT, HALT
URTTE (2,601)
WRIT® (5,601)
FORMAT (7 GEIMOD 601-= IDENTIFIER TOO LONG®)
CAlLL HALT
WRITTE (2,701)
WRITE (5,701)

4

FORMAT (° GETMOD 70l-~ A BLANK ALWAYS YOLLOWS A ;°)
CALL RALT

103
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C
C CHECIT IRPABYL FOR P ORS, SUCESSEILLY TORMINATE TRy
C OROIET P NO Va2ns ron,
c
Tagg o ochanen,
NACR RN LI IS
wntrh (5, 1600
1002 PosaT (f,7 Grioon 1000= 7 /0 RODE R, 9,
1 oW A0 Y, T ERTLAG T, 5K, TUAs )
PO 1010 1=1,1h{s5 12
IF (Lo (1, 1) E0. I0LANK) GO 7O 1010
WRITE (2,1003) (I07ARLT,3), 01, 0AKin2), 1
WRITE (5,1003) (1veanh(1,J), I=1,MAYIN2),1
1003 PORMAT (12,°A1,8%,15,0%,15,6X,15)
IF (IDTALL (7 ,MANIDLYBQ. IDTABL (L, MAXIN2Y) GO TO 1010
WRITE (2,1005)
WRITE (5,1009)

1005 FORMAT (7 CusOD 1005-- THE ABOVE I OOCSKL {IAVE AN',
1 “ INPUT AND OQUTPUT CORHECTIOR )
ERRFLG=1.

1010 CONTINUE
WRITE (2,1020)
WRITH (5,1020)

1020 TFOWMAT (1X)
1F (ERKFLG.EQ.1l.) CALL HALT
RETURN
END
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1
I
N

NS m

[

10

100
101

Py o,

oo e ;! DU VR ) R, T T, e

s ROy, PV
R HENE IR R A

L CHYCIO 0L PTICKING UP 1o iepns.

PENRON MATAPATRIOG STar Wisdls 0 HA

TSt O D RITREEVAL.

CALY, LTNEiN

CALL NeNTaD

IF (N0 undipa )y oy o 100

IF (LIS CIDERTRY G0, ICOLONY IDPHTR=IDV T2
WRT TG (2, 10) (LI, T=1,1.00m)
WRTTE (5, 10) (LIani(i), I=1,.31D)
Foietn (T2, 1041)

GO TO 5

WRITE (5,101)

FORMAT (° NO MHORE IDLATIFLERST)
RETUR!

END
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, C
: C
C
SUBROUTINE codner
{ C .
Colneny tna o rARL QYN LO), TRPLAG, TR A
1 107SIZ
R COHBON/ s/ LR E0) LI (80), TRLATIG TASTRAHARLIN,
T OLENEND, U5 MARLD, O L), LHDY LL
! COMMON/NORES/ LSTCON (100, 8), NUMCON, NUMOUT, NUMI N, HAXCON,
1 ICOLON
c
! C PURPOSE IS TO OPURATE ON 'THE FIRST SIGL PROGRANM CAXD.
C THTS CARD SHOLLD BE A "COULECT™ CARD WiltcHd LISTS ALT
C THE NODES COMHON 'T0 THE SALOCS GATE LEVEL MODEL.
c
C IN ONE SENSE OUTPUT MEANS OUTPUT FROM A BLOCK
C IF A NODE IS ROTED AS BRING IN THE COHULCYE LIST, TIT IS
C REFERED TO AS AN INPUT TO TUHE SALOGS GATE LEVEL MODEL
C
C THIS ROUTINE WORKS MUCH Till SAME AS CETMOD AND WAS USED AS A
C MODEL FOR CREATIRG IT.
C
C FORMAT~-> CONNECT OUTLIST ; INLIST i
C
C
C MAKE SURE A "COUNECT" CARD IS THE FIRSYT SISL COMMAND CARD.
C

CALL LINEIN

IF (LINE(L1)oNE.1HC.OR.L1IE(2).NE. 110, OR.
1 LINF(3).NE. THN.OR. LINE(4)NE. LiN.OR.
2 LINE(5).NF.1HE.OR. LINE(6).NE. l1iC.OR.
3 LINE(7).NF.14T) GO TO 500

IF (LINE(8).NE.IBLAUK) GO TO 600

OUTFLG=1.

NUMOUT=0

NUMCON=0

IDPNTR=9
C
C LOOP TO GET ALL OF THE IDENTIFIERS
c

10 CAL:. NEXTID
IF (NOIDL.EQ.1) GO TO 400
IF (IDPNTR.GT.LINEND) GO TO 15
(o
C CHECK FOR THL OUTLIST/INLIST SEPARATOR ()
C
IF (LINE(IDITR) NELICOLON) GO TO 15
IF (LINE(IDUHTR+L)NE. IBLANK) GO TO 800
OUTHFLG=0.
INPRTR=IDPNTR+2
IF (IDPHTRGEQ.3) NIMOUT =NUMCON
IF (IDPHTR.MECIAUNDNUNCONLHE.O) TDTABL (IDPLAC,MAXID2)=1
TIF (IDPHTR.NL 3 ANDLNUMCONGNEL0) NIOUT=RUMCON ]
IF (IDPNTRHG.3.0RNUMCONGEQ.0) GO To 10

109




put

- an

i

20
C

c

SOCO0

00

410

per

- - —— pw——
Ut T LHTO CHL CONRECT LI5LT
MG T )
TV coalriaaBac oy I BE B AC AN ) =]
[ R S DL R S B PR R I M NS VR RIS
[P G NORRE 1 ¥ 0 T LR RO LN T 018 IS B V1V
B0 T A D
LOVeon{Ghoa ], 1)=R1in o)
CON LUk
C CHECK tag DUPLTCAT: 1ps IR THE CONNECTE LiaT
CAaLlL CONCHK
GO TO 10
BRATICOWIECE T OJPLIST BRDS AND THE
THLTST BECINS e PLEFORTT AL TREFD DUMP
IF (NINOUT.EG.0) RUMIN=UNCON
IF (GUHOUTWN S 0) NUMLi=imrcon-nurout
WRITE (2,410) NUCOd, NUOHT, NUMIY
WRITE (5,410) NUCON,NUNOUT, RUMIN
FORIAT (/,7 CORLCY 410-=",/,
1 7 TOTAL # NODES COMMON TO SALDGS=",I10,
1 /.’ OUTPUT NUDLS TO SALOGS= ‘,I10,
2 /,7 INPUT NODES FuOd SALOGS= ‘,110)

415

420
475

IF (JUNHCOS.EO.Q) GO TU 475

IF (NUMOUT.GT.0) WRITR (2,415)
1 ((LSTCUN(T,J), =1, MARIN) , I=1, NNIOUT)

IF (NUMOUT.GT.0) WRITE (5,413)

1 ((LSTCON(I,J),J=1,MAXID), T=1,NUMCUT)

FORMAT (//,7 #%% QUTLIST *%%7 /. 100(T2,8Al1,/))
IF (NUMIN.CT.0) X=XP40UT+l1

IF (NUMINGGT.0) WKITE (2,420)

1 ((LSTCON(T,J), =1, MAXIN), 1=K, NUMCON)

IF (NUMINGCT.0) WRITE (5,420)

1 ((LSTCOR{T,J), J=1,MAKLN), I=K, NUMCON)

FORMAT (//,7 *%% INLIST *%%7 ./ 100(T2,8A1,/))
RETURN




{ C

' C EEROR HMINGLOES

. ¢
k SU0 URTTE (2, 501)

{ Voo 50
) 50 A T T S LT SR A SR V123 LA DR S
. 1 “conuint CARDT)

CALL 2Ly
00 VRt (2, 600)
WRLTE (5,601)
: 601 FOMAT (7 CORLULD 60l—=~ A B
| | A HE AR NS
CALL HALT
700 WRITE (2,701)
WRITH (5,701)
701 FORMAT (7 connut 701-~ TOO HANY KODES TH COMMON WITHY,
1 7 TUL SALOGS IDELY)
CALL HALT
800  WRITHE (2,801)
WRITH (5,801)
801 FORIAT (7 CONLOT 80l—- A BLAUK MUST FOLLGW 37)
CALL HALT
END

ANKMUST Foubow 7,
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' C
C
C
FU 10N IR U i)
! (
Covo ey AT 5 I ARy 0 vl
3 I PR BN N I N
E Ceoo R B A R R I A G-I AR AN
AT Y G ATS DR TR ITH
' C
R C WILL DiVDEOD A BSH UG IR SASLY oY THE Pl soisy
2 C CHARACTES TN LInv L. PHIS ROUTLIE IS UNED PR BLO0CH 5405,
C
IBKFT1-0
DO 10 T=1,NW{SH
TF (LINEL(T).N0.TI8LATKY GO 10 109
ICHR=LINIT(T)
IBKPT 1=TCHAR{TCHR)FLOFT DIANAHTRRP I
10 CONT [HUR
100 IBRPTI=MODULO (TR L, MANELIY)
IBRPUT=IBKPTL
’ RETURN
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C
FUNC G T O )
t
L S PO A O S ORI N BV TR S ) !
O N N L L ) R S SR S N B :
Covlno AN e (0 ey T G L AN DY ;
I inrse
C
COHASHES Pl I FOU) U8 LTREY 1000 Pl [orabhy, ANRAY
¢
IPLACH- LUPUT (AT n)
1CYCi-0
LTALT-LUTSLZ
5 1CYCH - Foyel s
DO 10 I=LlPLACE, LIS
L (LUTARL(T, AR ) O TBLAGK) GO TO 50
DO 7 J=1,MAXTnH
I (LIALLCD) CRELIDTAZL(1,.0)) GO I 10
7 CONT INUL
GO Tu 60
10 CONTINUE
IF (ICYCLE.¥Q.2.0R.
1 (ICYCLEEQ. Lo ANDCIPLACE.EQ. 1)) CO TO 500
LIMIT=)PLACE=-1
IPLACE=1
GO TO 5
50 IDTAGL{T,MAXID1)=D
IDTABL(I,MAXIDZ)=0
DO 55 J=1,MAXID
IDTABL(T,J)=LIRNr1(J)
55 CONTINUY
60 IDHAS =T
RETURH
500 WRITE (2,501)
WRITE (5,501)
501 FORMAT (7 IDHASH SQl-= CANT HASH ANYMOR!Y TDS7)
< CALI HALT
: END
L
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[N
{ O B N U EA LT ST L R B PESE IR b ey
| A
2 SR N AV N C DR R N ST DI R IRAN I O IS IR R L
O T T S B I RO R B S WS S HTL AR
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oo o

WLLL DEVELOY A PRSI RIPUHE BASED 0N iy FIRST NU sl
CHARAGTURG U 1B e VHEIS ROUTING 1S U5 ORLY Fox NODES,

1hPUT1=0
DO 10 1-=1,euisY
IP (LETCD) GFOLTRLANK) GO TO 100
TCHR: 171 71 (1)
IDPUC LAl (TCH ) 1O+ AR T O U T
10 CONT LN
100 TDRICL==0nUlo(LnpyTL, INIsSIZ)
IhPUT=INrorl |
RETURN

END
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FHMODLL- NS (CLOAT N )
1P (F i Soitele) co gy 500
VALUE ABL LOoAT Ot i ) fE e 1
TVALUL. - 1000 dV L LER)
MODULO: DT (VAL TIG=VLOAT CIVALUL) Y0 L)
RETIHRY
500 WRITE (2,501) HOobL
WRTTS (5,501) on1y
501 FORMAT (7 MORULDY K0T~ CAN ONLY USE A HODUILUS>0.7,
1 TOPRESEAT MODL=",T110)
CALL HALT
END
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IV (ANS e by Su 1o 100
CONy vl
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[D20 0 NV I SR LA ANS PRAS RIS
I ot 20Dy Mrio iy cn e L3 000) Gy Y 1o
I11=1
CALL FNTo0{ly, 11,0 0is
I (Alcileels) Go To 500
10 OTR L U RN B
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